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Introduction

52
The search for therapies against obesity focuses on ways to alter the balance between 53 caloric intake and energy expenditure (19) . Caloric intake is a function of appetite, food 54 composition, digestion and absorption, while expenditure incorporates a wide range of metabolic 55 processes that require energy and produce heat. From a therapeutic perspective, increasing energy 56 expenditure has traditionally been associated with physical activity. However, since the 57 identification of brown adipose tissue (BAT) in adult humans (16, 22) , stimulation of non-
58
shivering thermogenesis has become a promising strategy for the control of obesity.
59
In consequence, means to determine BAT activity become relevant, and blood flow could 60 be considered an interesting measure. Indeed, the identification of BAT as the main site for 61 nonshivering thermogenesis in mammals was based on measurements of BAT blood flow 62 variations during adrenergic stimulation (12, 17) . Local blood flow rates and arterial-venous 63 differences of O 2 and CO 2 correlate well with the capacity for whole-body adrenergically-64 stimulated thermogenesis (11). Therefore, decreased O 2 tension in BAT, caused by nonshivering 65 thermogenesis, could be thought to be a direct triggering factor for the measured changes in 66 tissue perfusion. The implication of this is that blood flow has generally been assumed to be a 67 reliable parameter to estimate BAT thermogenesis.
68
In an attempt to further elucidate questions regarding the relation between BAT blood 
Materials and Methods
79
Animal husbandry. Adult NMRI mice of both sexes aged 10 weeks or older were single-80 caged and housed either at standard room temperature (21 °C), within their thermoneutral zone 81 (30 °C), or in the cold (4 °C), for at least 3 weeks. Before the cold acclimation, mice passed 82 through a 2-week pre-acclimation period at 18 °C (14). UCP1 KO mice (7), backcrossed into a 83 C57Bl/6 background for at least 10 generations, were housed at 21 °C. The following conditions 84 were applied for all animals: light-dark cycles were 12 h:12 h, lights on at 8:00 am, and chow diet 85 (R70, Labfor, Kimstad, Sweden) and water were offered ad libitum. All mice used in the 86 experiments were born and raised in our facilities, and kept single-caged during the experimental ImmunoResearch) was applied for 3 h at room temperature. Peroxidase activity was detected 97 using 3,3'-diaminobenzidine-peroxidase substrate kit (Vector Laboratories); no signal was 98 detected on sections stained with secondary antibody only ( Figure 1D ). Staining was 99 photographed using the tile scan function of an LSM700 microscope at 5x magnification, or at 100 20x magnification.
101
Adrenergic stimulation. Norepinephrine bitartrate (NE, A9512-1G, Sigma-Aldrich, St.
102
Louis, USA) was injected intraperitoneally (IP), routinely at a dose of 1 mg/kg, the dose 103 necessary for reaching maximal vascular response in iBAT of NMRI mice acclimated to 21 °C
104
(as presented in Figure 1G ). 
171
The anatomical location of the scanned area of the mouse, as well as representative 172 images of basal unstimulated iBAT blood flow, is shown in Figure 1A . In response to Fawcett (9)).
183
Adrenergic stimulation increases BAT blood flow
184
Images of the area comprising the iBAT of a single mouse were taken at 5 min intervals.
185
The mean signal in the tissue was then quantified and presented in a curve for visualization of the 186 kinetics of adrenergically-stimulated blood flow ( Figure 1G ). During the first measurements,
187
prior to adrenergic stimulation, the signal was very stable. Following NE injection, an immediate 188 and steady increase was detected during the following 10 min. From that point on, a plateau was 189 reached, indicating a stably increased perfusion rate in the tissue.
190
As the HR-LDI method bases its measurements on several parameters, including blood substantially higher than what is apparent here, due to an unquantifiable basal signal.
196
To examine the modulating effect of NE on blood flow, multiple experiments similar to 197 that depicted in Figure 1E were performed with different amounts of NE ( Figure 1H was measured by magnetic resonance imaging immediately after the HR-LDI measurements.
231
Mice housed at 21 °C and 30 °C were treated as a single group, as no differences were found in 232 blood flow in the unstimulated state between both groups, whereas mice housed at 4 °C were
233
analyzed separately because of their higher basal blood flow (as seen in Figure 1I ).
234
We found no significant effect of either body weight (Figure 2A 
NE-stimulated BAT blood flow is independent of thermogenesis
246
In a cold environment, activated BAT is able to combust large amounts of lipids and 247 glucose by dissipating the mitochondrial proton gradient through uncoupling protein 1 (UCP1),
248
thus generating heat (4). During this process, the tissue has to be supplied with a sufficient Figure 3A ), body temperature variations were analyzed with a 263 rectal probe ( Figure 3B ), and the ventilatory rate was visually assessed ( Figure 3C ). Taken whether an abrupt elevation in blood glucose levels (as caused by a glucose tolerance test) would 315 be able to increase BAT perfusion.
316
To this end, we measured iBAT blood flow in anesthetized mice before and after glucose Figure 5C ). To evaluate the correlation between blood glycaemia and iBAT blood 324 flow, all correspondent data points were plotted together. However, no correlation was found 325 between circulating glucose levels and iBAT blood flow ( Figure 5D ).
326
An explanation for the absence of increased body temperature is that although short-term 327 thermogenesis could have been triggered by glucose injection, it did not last long enough to cause 328 measurable changes in body temperature. Alternatively, it can be speculated that due to the 
